Introduction {#s0001}
============

Colorectal cancer (CRC), the fourth major cause of cancer-related death around the world, has an annual incidence of approximately 1.4 million, and causes approximately 700,000 deaths each year.[@cit0001] Surgery is usually utilized to treat CRC in early stage. For advanced patients with metastasis, chemotherapy and target therapy are the main treatments. As many as 40% of patients will recur after surgery, and the prognosis of these patients is poor.[@cit0002]

The majority of the human genomes are transcribed into non-coding RNAs (ncRNAs), like small ncRNAs and long ncRNAs (lncRNAs).[@cit0003],[@cit0004] LncRNAs are non-coding transcripts of \>200 nucleotides without the ability of coding protein, and they regulate biological behaviors of cells through the interaction with DNA, RNA, and proteins.[@cit0005],[@cit0006] In tumorigenesis and cancer progression, lncRNAs play prominent roles.[@cit0007]--[@cit0012] For example, lncRNA DILC is down-regulated in CRC tissues, and its high expression impedes cancer cell proliferation and metastasis, and it is a favorable indicator for the prognosis of CRC patients;[@cit0009],[@cit0010] the high expression of TTN-AS1 increases the malignancy of CRC cells and is associated with adverse clinicopathological features of CRC patients;[@cit0011] the expression of lncRNA TCF7 in CRC is markedly linked to tumor growth, differentiation, and lymph node metastasis.[@cit0012] However, the dysregulated lncRNAs in CRC have not been fully uncovered.

MicroRNAs (miRNAs) are small non-coding RNAs whose length are about 21--25nt. They directly bind to the 3ʹ-untranslated region (3ʹ-UTR) of target mRNAs to regulate gene expression.[@cit0013] miRNAs exert an indispensable impact on a series of cell life activities, like cell cycle, differentiation, and proliferation. They can regulate many pathways associated with human diseases.[@cit0014],[@cit0015] A variety of miRNAs is abnormally expressed in CRC, and they regulate the malignant biological behaviors of cancer cells.[@cit0016]--[@cit0020] For example, miR-27b-3p promotes migration and invasion of CRC cells by targeting homeobox A10 (HOXA10).[@cit0020]

The object of this research was to evaluate the expression of LINC01089, a rarely investigated lncRNA, in CRC tissues and cell lines, and to explore the function and mechanism of LINC01089 in CRC tumorigenesis. It was demonstrated that, LINC01089 was significantly down-regulated in CRC, and it suppressed the malignant biological behaviors of CRC cells via regulating miR-27b-3p/HOXA10 axis.

Materials and Methods {#s0002}
=====================

Clinical Data and Ethics Statement {#s0002-s2001}
----------------------------------

CRC samples and adjacent normal tissues were harvested from 57 patients in Renmin Hospital of Wuhan University from 2015 April to 2018 April. All of the patients provided written informed consent for the collection and utilization of their tissue samples. All tissues were immediately frozen in liquid nitrogen at −196 °C after removal during surgery. The collection and use of the human samples in this study obtained the approval from the Research Ethics Committee of Renmin Hospital of Wuhan University.

Cell Line Culture {#s0002-s2002}
-----------------

Human CRC cell lines (SW480, HT29, SW620, HCT116, as well as LoVo cells) and normal human colon epithelial cells (NCM460 cells) were obtained from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). Then Dulbecco's modified Eagle's medium (DMEM, Invitrogen, Carlsbad, CA, USA) was used to culture the cells. The medium contained 10% heat-inactivated fetal bovine serum (FBS, Invitrogen, Carlsbad, CA, USA), 100 U/mL penicillin, and 100 μg/mL streptomycin (Hyclone, Logan, UT, USA). These cells were placed in an incubator at 37°C with 5% CO~2~. The medium was changed every 3--4 d. Subculture was performed with 0.25% trypsin (Hyclone, Hyclone, Logan, UT, USA).

Cell Transfection {#s0002-s2003}
-----------------

pcDNA empty vector (Vector), pcDNA-LINC01089 (LINC01089), siRNA normal control (si-NC), siRNAs against LINC01089 (si-LINC01089), miR-27b-3p mimic, and miR-27b-3p inhibitors were provided by GenePharma Co., Ltd. (Shanghai, China). SW480, HT29, SW620 and LoVo cells were harvested, re-suspended with serum-free medium and inoculated into a 6-well cell culture plate (2×10^5^/well). After 24h of culture, the CRC cells were transfected with Lipofectamine ^®^ 2000 (Invitrogen, Carlsbad, CA, USA) according to the supplier's instructions. 12 h later, complete medium was added to continue the culture. After 24h, quantitative real-time polymerase chain reaction (qRT-PCR) was utilized to investigate the transfection efficiency.

qRT-PCR {#s0002-s2004}
-------

Total RNA from tissues and cells was extracted by using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). SuperScript First Strand cDNA System (Invitrogen, Carlsbad, CA, USA) was utilized to reversely transcribe 1 μg of total RNA into complementary DNA (cDNA). With cDNA as template, qRT-PCR was performed on a ABI 7500 Fast Real-Time PCR System with SYBR^®^PremixExTaq^TM^ kit (Takara, Dalian, China). The primers used in this work were as follows: LINC01089: 5′-GCAGTAAACAGTCCTCAGCGAAG-3′(forward) and 5′-CGGTGCCATGGAGTCTAGAAGAT-3′(reverse); HOXA10, 5′-AGATATTGTCCTAAGTGTCAAGTCCTGA-3′(forward) and 5′-GCCATTTCGAGCAGTGGG-3′(reverse); U6, 5′-CTCGCTTCGCRCAGCACA-3′(forward) and 5′-AACGCTTCACGAATTTGCGT-3′(reverse); GAPDH: 5′-TGTCCGTCGTGGATCTGA-3′(forward) and 5′-TTGCTGTTGAAGTCGCAGGAGG-3′(reverse); hsa-miR-27b-3p: 5ʹ-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCAGAACT-3′(forward) and 5′-ACACTCCAGCTGGGTTCACAGTGGCTAAG-3′(reverse). The expression levels of LINC01089, miR-27b-3p, and HOXA10 were measured employing the 2^−\ ΔΔCT^ method.

3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium Bromide (MTT) Experiment {#s0002-s2005}
-----------------------------------------------------------------------------

CRC cells were inoculated in a 96-well plate (2×10^3^ cells/well), and cultured for different times (1 d, 2 d, 3 d, 4 d, respectively). At each time point, 20 μL MTT solution (5 mg/mL, Beyotime, Shanghai, China) was added into the wells. After that, the cells were incubated with the MTT solution for 4 h. Subsequently, after the medium was discarded, 150 μL dimethyl sulfoxide was added into each well. The plate was shaken for 10 min to resolve the MTT formazan crystals. Next, a scanning multi-well spectrophotometer was utilized to measure the optical density (OD) value in each well at a wavelength of 490 nm.

Transwell Experiment {#s0002-s2006}
--------------------

After CRC cells were dispersed with 0.25% trypsin, the CRC cells were centrifuged, re-suspended with serum-free medium, and inoculated into the upper transwell chamber (8 μm pore size, BD Biosciences, CA, USA) placed in 24-well plates, which contained complete medium (600 μ/L per well). The cells were cultured in 37 °C for 24 h. After that, the cells on the upper surface of membrane were gently wiped off with a cotton swab, and 4% paraformaldehyde was employed to fix the invaded cells. Furthermore, the cells were stained with 0.5% crystal violet solution. After rinsed with tap water and dried, the cells were observed under an inverted microscope and counted.

Western Blot {#s0002-s2007}
------------

Cells were immersed in pre-cooled RIPA lysis buffer (Solarbio, Beijing, China), and placed on ice for 30 min. After centrifugation, the supernatant was collected. The samples were added with loading buffer, and denatured in boiling water. After the separation of protein samples by SDS-PAGE, the proteins were transferred to the polyvinylidene fluoride (PVDF) membrane (Millipore, Bedford, MA, USA). Next, the membrane was incubated in blocking buffer (5% skimmed milk) for 1 h at room temperature, and subsequently washed with TBST solution. Next, the membrane was incubated overnight with primary antibodies at 4 °C. The primary antibodies included: anti-HOXA10 (Abcam, Cambridge, ab191470, 1:500), anti-GAPDH (Abcam, Cambridge, ab8245, 1:3000). After the PVDF membrane was rinsed with TBST solution again, it was incubated with horseradish peroxidase conjugated secondary antibody (Abcam, ab150117, 1:2000) at room temperature for 1 h. Finally, hypersensitive ECL kit (Beyotime, Shanghai, China) was utilized for developing protein bands on an X-ray film.

Dual-Luciferase Reporter Gene Assay {#s0002-s2008}
-----------------------------------

Luciferase reporter assay was carried out by with dual-luciferase reporter assay system (Promega, Madison, WI, USA). The target fragments of wild type LINC01089/3ʹUTR of HOXA10 and mutant LINC01089/3ʹUTR of HOXA10 were synthesized and integrated into psi-CHECK2 reporter vector (Promega, Madison, WI, USA) to construct the recombinant luciferase reporter vectors. The recombinant reporter vectors were co-transfected with 293T cells with miR-27b-3p mimics or control microRNAs. Forty-eight hours after transfection, luciferase activity was determined according to the manufacturer's instructions.

RNA Immunoprecipitation (RIP) Assay {#s0002-s2009}
-----------------------------------

EZ-Magna RNA binding protein immunoprecipitation kit (Millipore, Billerica, MA, USA) was employed to perform RIP experiment. In brief, cells were harvested and resuspended in RIP lysis buffer. The cell extracts were subsequently incubated with RIP buffer which contained magnetic beads conjugated with human anti-Ago2 antibody or mouse IgG overnight. After the magnetic beads were washed 3 times, they were incubated with proteinase K. Subsequently, total RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Finally, the relative enrichment of LINC01089 and miR-27b-3p were determined by qRT-PCR analysis.

Statistical Analysis {#s0002-s2010}
--------------------

SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA) was utilized for data analysis. All of the experiments were conducted independently at least 3 times, and the measurement data were shown as mean ± standard deviation (x ± s). Multivariate comparisons were carried out by one-way analysis of variance. Additionally, comparisons between two groups were carried out employing student's *t*-tests. The difference had statistical significance at *P* \<0.05.

Result {#s0003}
======

LINC01089 Was Down-Regulated in CRC Tissues and Cell Lines {#s0003-s2001}
----------------------------------------------------------

Firstly, qRT-PCR results illustrated that the expression of LINC01089 in CRC tissues was markedly lower than that in adjacent colonic tissues ([Figure 1A](#f0001){ref-type="fig"}). Next, GEPIA database ([<http://gepia.cancer-pku.cn/>]{.ul}) was employed to analyze the expression of LINC01089 in CRC tissues, and it was demonstrated that LINC01089 was differentially expressed in CRC cancer tissues and normal colonic tissues, and the expression of LINC01089 in cancer tissues was markedly lower than normal tissues ([Figure 1B](#f0001){ref-type="fig"}). Additionally, the expressions of LINC01089 in CRC cell lines (SW480, HT29, SW620, HCT116, as well as LoVo cells) were also markedly lower than in immortalized colonic epithelial cells (NCM460 cells) ([Figure 1C](#f0001){ref-type="fig"}).Figure 1LINC01089 was under-expressed in CRC. (**A**) The expression level of LINC01089 in 57 pairs of CRC tissues and adjacent normal tissues was investigated by qRT-PCR. (**B**) Bioinformatic analysis (GEPIA database) was utilized to analyze expression of LINC01089 in CRC cancer tissues (n=275, left) and normal colonic tissues (n=349, right). (**C**) The expression level of LINC01089 in CRC cell lines (SW480, HT29, SW620, HCT116, and LoVo cells) and normal human colonic epithelial cells (NCM460 cells) was investigated by qRT-PCR. (**D**) LINC01089 overexpression plasmid was transfected into SW620 and LoVo cells to induce the overexpression of LINC01089. Transfection efficiency was verified by qRT-PCR. (**E**) SW480 and HT29 cells were transfected using si-LINC01089 to induce LINC01089 knockdown. Transfection efficiency was verified by qRT-PCR. \*Symbolizes *P* \< 0.05, \*\*Symbolizes *P* \< 0.01, and \*\*\*Symbolizes *P* \< 0.001.**Abbreviations:** CRC, colorectal cancer; COAD, colon adenocarcinoma; qRT-PCR, quantitative real-time polymerase chain reaction; si-NC, normal control siRNA; si-LINC01089, LINC01089 siRNA.

LINC01089 Impeded the Proliferation and Invasion of CRC Cells {#s0003-s2002}
-------------------------------------------------------------

According to the above results, among CRC cells, the expression of LINC01089 was comparatively lower in SW620 and LoVo cells, whereas it was higher in SW480 and HT29 cells. Therefore, LINC01089 was overexpressed in SW620 and LoVo cells with LINC01089 overexpression plasmid, and SW480 and HT29 cells were transfected with LINC01089 siRNA to establish LINC01089 knockdown models ([Figure 1D](#f0001){ref-type="fig"} and [E](#f0001){ref-type="fig"}). MTT method and transwell method were taken to investigate the proliferation and invasion of CRC cells, respectively. As shown, LINC01089 overexpression significantly impeded the proliferation of SW620 and LoVo cells ([Figure 2A](#f0002){ref-type="fig"}), whereas LINC01089 knockdown markedly promoted the proliferation of SW480 and HT29 cells ([Figure 2B](#f0002){ref-type="fig"}). Moreover, SW620 and LoVo cells with LINC01089 overexpression were less invasive than the control group ([Figure 2C](#f0002){ref-type="fig"}), whereas SW480 and HT29 cells with LINC01089 knockdown were more invasive than the control group ([Figure 2D](#f0002){ref-type="fig"}).Figure 2LINC01089 impeded the proliferation and invasion of CRC cells. (**A**) MTT experiment was utilized to investigate the proliferation of SW620 and LoVo cells after LINC01089 was overexpressed. (**B**) MTT experiment was taken to investigate the proliferation of SW480 and HT29 cells after LINC01089 was knocked down. (**C**) Transwell assay was utilized to determine the invasion of SW620 and LoVo cells after LINC01089 was overexpressed. (**D**) Transwell assay was utilized to detect the invasion of SW480 and HT29 cells after LINC01089 was knocked down. \*Symbolizes *P* \< 0.05, \*\*Symbolizes *P* \< 0.01, and \*\*\*Symbolizes *P* \< 0.001.**Abbreviations:** CRC, colorectal cancer; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; si-NC, normal control siRNA; si-LINC01089, LINC01089 siRNA; OD, optical density.

LINC01089 Directly Acted on miR-27b-3p in CRC Cells {#s0003-s2003}
---------------------------------------------------

Next, StarBase ([<http://starbase.sysu.edu.cn/>]{.ul}) was utilized to perform a bioinformatic analysis, and it predicted that LINC01089 contained a binding sequence for miR-27b-3p ([Figure 3A](#f0003){ref-type="fig"}, [[Supplementary Material](http://www.dovepress.com/get_supplementary_file.php?f=256148.xls)]{.ul}). To validate this prediction, dual-luciferase reporter assay was performed, and it showed that the luciferase activity of wild-type LINC01089 reporter vector was reduced by miR-27b-3p, whereas the luciferase activity of mutant LINC01089 reporter vector was not markedly changed by miR-27b-3p; while miR-27b-3p inhibitors promoted the luciferase activity of wile-type LINC01089 reporter vector, and did not change the luciferase activity of mutant LINC01089 reporter vector ([Figure 3B](#f0003){ref-type="fig"} and [C](#f0003){ref-type="fig"}). Subsequently, RIP assay confirmed that, compared with IgG, LINC01089 and miR-27b-3p were enriched in Ago2-containing microribonucleoproteins enriched by anti-Ago2 antibodies ([Figure 3D](#f0003){ref-type="fig"}). Moreover, qRT-PCR was utilized to investigate the expression of miR-27b-3p in CRC tissues and cell lines. It was demonstrated that compared with normal tissues and NCM460 cells, the expression of miR-27b-3p markedly increased in CRC cancer tissues ([Figure 3E](#f0003){ref-type="fig"}) and cell lines ([Figure 3F](#f0003){ref-type="fig"}). What's more, Pearson's correlation analysis indicated a strong negative correlation between the LINC01089 expression and miR-27b-3p expression in CRC tissue samples (R^2^ = 0.6714, P\<0.001) ([Figure 3G](#f0003){ref-type="fig"}). These results suggested that LINC01089 could function as a molecular sponge of miR-27b-3p to repress it. Additionally, it was demonstrated that the expression of LINC01089 in CRC cells was not changed by the transfection of miR-27b-3p mimics or inhibitors ([Figure 3H](#f0003){ref-type="fig"}), which implied that the regulatory relationship between LINC01089 and miR-27b-3p was unidirectional.Figure 3LINC01089 adsorbed miR-27b-3p in CRC. (**A**) LINC01089 wild type luciferase reporter vector (LINC01089-WT) and LINC01089 mutant luciferase reporter vector (LINC01089-MUT) were designed and constructed. (**B**) LINC01089-WT or LINC01089-MUT vector and miR-con/miR-27b-3p mimics were co-transfected into 293T cells. The luciferase activity of was then determined. (**C**) LINC01089-WT or LINC01089-MUT vector and miR-con/miR-27b-3p inhibitor were co-transfected into 293T cells. The luciferase activity of was then determined. (**D**) RIP experiments was used to validate the direct interaction between LINC01089 and miR-27b-3p. (**E**) The expression levels of miR-27b-3p in 57 pairs of CRC tissues and adjacent normal tissues were investigated by qRT-PCR. (**F**) The expression levels of miR-27b-3p in CRC cell lines (SW480, HT29, SW620, HCT116 and LoVo cells) and normal human colonic epithelial cells (NCM460 cells) were investigated by qRT-PCR. (**G**) Pearson's correlation analysis demonstrated that the expression levels of LINC01089 and miR-27b-3p in CRC tissues were negatively correlated. (**H**) The expression levels of LINC01089 in CRC cells after overexpression or down-regulation of miR-27b-3p were investigated by qRT-PCR. \*\*Symbolizes *P* \< 0.01, and \*\*\*Symbolizes *P* \< 0.001.**Abbreviations:** CRC, colorectal cancer; RIP, RNA immunoprecipitation; qRT-PCR, quantitative reverse transcription-PCR; WT, wild type; MUT, mutant; miR-con, miRNA mimics control; miR-con-in, miRNA inhibitors control; miR-27b-3p-in, miR-27b-3p inhibitors.

HOXA10 Was a Target Gene of miR-27b-3p in CRC {#s0003-s2004}
---------------------------------------------

Next, bioinformatic analysis was performed to predict targets of miR-27b-3p with TargetScan ([<http://www.targetscan.org/vert_72/>]{.ul}), and it showed that HOXA10 was a possible downstream target of miR-27b-3p ([Figure 4A](#f0004){ref-type="fig"}). Dual-luciferase reporter assay showed that miR-27b-3p inhibited the luciferase activity of wild-type HOXA10 reporter vector, and miR-27b-3p did not change the luciferase activity of mutant HOXA10 reporter vector; while miR-27b-3p inhibitors promoted the luciferase activity of wile-type HOXA10 reporter vector, and did not change the luciferase activity of mutant HOXA10 reporter vector ([Figure 4B](#f0004){ref-type="fig"} and [C](#f0004){ref-type="fig"}). These data validated the targeting relationship between miR-27b-3p and the 3ʹUTR of HOXA10. These results were consistent with the demonstrations in the previous report.[@cit0020] Subsequently, qRT-PCR was used to detect the expression of HOXA10A mRNA in CRC tissues, and the results suggested that compared with that in adjacent tissues, it was markedly down-regulated in cancerous tissues ([Figure 4D](#f0004){ref-type="fig"}), and Pearson's correlation analysis confirmed that expression of HOXA10 was positively correlated with expression of LINC01089 in CRC tissues (R^2^ = 0.7445, P\<0.001) ([Figure 4E](#f0004){ref-type="fig"}). Additionally, Western blot suggested that the transfection of miR-27-3b mimics inhibited the expression of HOXA10 in CRC cells, while miR-27b-3p inhibitors promoted the expression of HOXA10 in CRC cells ([Figure 4F](#f0004){ref-type="fig"}). These results suggested that HOXA10 was negatively regulated by miR-27b-3p, and LINC01089 probably positively regulated the expression of HOXA10 expression in CRC via repressing miR-27b-3p.Figure 4miR-27b-3p targeted HOXA10 in CRC cells. (**A**) HOXA10 3ʹUTR wild type luciferase reporter vector (HOXA10-WT) and HOXA10 3ʹUTR mutant luciferase reporter vector (HOXA10-MUT) with a binding site mutation at miR-27b-3p in HOXA10 3ʹUTR were constructed. (**B**) HOXA10-WT or HOXA10-MUT vector and miR-con/miR-27b-3p mimics were co-transfected into 293T cells. The luciferase activity was then determined. (**C**) HOXA10-WT or HOXA10-MUT vector and miR-con/miR-27b-3p inhibitor were co-transfected into 293T cells. The luciferase activity was then determined. (**D**) The mRNA expression levels of HOXA10 in 57 pairs of CRC tissues and adjacent normal tissues were investigated by qRT-PCR. (**E**) Pearson's correlation analysis demonstrated that the expression levels of LINC01089 and HOXA10 in CRC tissues were positively correlated. (**F**) Western blot was utilized to investigate HOXA10 protein level in CRC cells after miR-27b-3p overexpression or down regulation. \*\*Symbolizes *P* \< 0.01, and \*\*\*Symbolizes *P* \< 0.001.**Abbreviations:** CRC, colorectal cancer; UTR, untranslated region; WT, wild type; MUT, mutant; miR-con, miRNA mimics control; miR-con-in, miRNA inhibitors control; miR-27b-3p-in, miR-27b-3p inhibitors.

LINC01089 Regulated miR-27b-3p/HOXA10 Axis to Suppress the Proliferation and Invasion of CRC Cells {#s0003-s2005}
--------------------------------------------------------------------------------------------------

To study whether LINC01089 affected the CRC progression by modulating the miR-27b-3p/HOXA10 axis, rescue experiments were performed. Western blot showed that protein expression of HOXA10 was up-regulated in SW620 and LoVo cells after LINC01089 overexpression, and the expression of HOXA10 was partially reduced after the co-transfection of miR-27b-3p mimics ([Figure 5A](#f0005){ref-type="fig"}); the expression of HOXA10 protein in SW480 and HT29 cells were decreased after LINC01089 was knocked down, and the expression of HOXA10 partially recovered after co-transfection with miR-27b-3p inhibitors ([Figure 5B](#f0005){ref-type="fig"}). Additionally, functional experiments showed that LINC01089 overexpression markedly impeded the proliferation and invasion of SW620 and LoVo cells, and miR-27b-3p mimics partially reversed the inhibitory impacts on the proliferation and invasion of CRC cells induced by LINC01089; on the other hand, LINC01089 knockdown markedly facilitated the proliferation and invasion of SW480 and HT29 cells, whereas miR-27b-3p inhibitors partially attenuated the promotion of proliferation and invasion induced by LINC01089 knockdown ([Figure 5C](#f0005){ref-type="fig"}--[F](#f0005){ref-type="fig"}). These data proved that LINC01089 could impede the proliferation and invasion of CRC cells by regulating miR-27b-3p/HOXA10 axis.Figure 5The function of LINC01089 in CRC cells was dependent on miR-27b-3p/HOXA10 axis. (**A**) MiR-27b-3p mimics were transfected in SW620 and LoVo cells with LINC01089 overexpression. Western blot was utilized to examine the expression level of HOXA10 after transfection. (**B**) MiR-27b-3p inhibitors were transfected in SW480 and HT29 cells with LINC01089 knocked down. Western blot was utilized to detect the expression level of HOXA10 after transfection. (**C, D**) MTT experiment was taken to detect the proliferation of CRC cells. (**E, F**) Transwell invasion assay was utilized to detect the invasion of CRC cells. \*Symbolizes *P* \< 0.05, \*\*Symbolizes *P* \< 0.01, and \*\*\*Symbolizes *P* \< 0.001.**Abbreviations:** CRC, colorectal cancer; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; si-NC, normal control siRNA; si-LINC01089, LINC01089 siRNA; miR-con, miRNA mimics control; miR-con-in, miRNA inhibitors control; miR-27b-3p-in, miR-27b-3p inhibitors.

Discussion {#s0004}
==========

CRC, one of the most common malignancies of the digestive tract, is driven by a series of genetic changes, and it seriously endangers human health.[@cit0021],[@cit0022] As an important regulator related to tumorigenesis and cancer progression, the function of lncRNA in CRC cells has not been totally elucidated.

LINC01089 (also known as LncRNA Inhibiting Metastasis, LIMT) was firstly reported to be suppressed by epidermal growth factor in breast cancer, and its dysregulation was linked to cancer progression.[@cit0023] Recent studies have shown that LINC01089 exerts an inhibitory effect on some cancers. In breast cancer, LINC01089 overexpression impedes cancer metastasis via regulating Wnt/β-catenin signaling.[@cit0024] Moreover, LINC01089 is down-regulated in glioma tissues, and its down-regulation predicts unfavorable prognosis of the patients; additionally, and its restoration impedes the malignant biological behaviors of glioma cells.[@cit0025] Nevertheless, previously, the function and underlying mechanism of LINC01089 during CRC progression had not been clarified. For the first time, this study confirmed that LINC01089 was under-expressed in CRC tissues and cells. It was also demonstrated that LINC01089 suppressed the malignant biological behaviors of CRC cells. These data indicated that LINC01089 played a tumor suppressive role in CRC, which is similar with its function in other cancers.[@cit0023]--[@cit0025]

LncRNA can share miRNA response elements of mRNA and competitively bind with miRNAs to reduce its availability, functioning as competitive endogenous RNA (ceRNA), thereby exerting an impact on the translation of mRNAs.[@cit0026],[@cit0027] The functions of miR-27b-3p in cancer biology have been reported previously, and its role in different cancers is specific. In breast cancer, lung cancer, gastric cancer and endometrial cancer, it inhibits cancer cell proliferation and metastasis;[@cit0028]--[@cit0031] however, in anaplastic thyroid cancer, the up-regulation of miR-27b-3p contributes to the drug resistance of cancer cells to doxorubicin,[@cit0032] and in CRC, miR-27b-3p functions as an oncomiR to promote migration and invasion by targeting HOXA10.[@cit0020] In this study, it was hypothesized that LINC01089 could probably participate in CRC progression as a ceRNA. Bioinformatic analysis, dual-luciferase reporter assay and RIP assay confirmed that LINC01089 could sponge miR-27b-3p to repress its expression. It was also observed that the expression of miR-27b-3p and LINC01089 was negatively correlated in CRC. Importantly, functional experiments showed that miR-27b-3p could reverse the function of LINC01089 in regulating the malignant phenotypes of CRC cells. These results suggested that the down-regulation of LINC01089 in CRC contributed to the dysregulation of miR-27b-3p, and the tumor-suppressive function of LINC01089 in CRC was at least partially dependent on miR-27b-3p.

HOXA10 is a key transcription factor in regulating embryonic development, and it also functions in fertility, embryo viability, and regulation of hematopoietic lineage commitment.[@cit0033] In recent years, the role of HOXA10 in cancer biology is unveiled gradually. In the tumorigenesis of myeloid leukemia, it is associated with self-renewal capability of myeloid progenitors.[@cit0034] HOXA10 overexpression in ovarian cancer promotes the epithelial-mesenchymal transition of cancer cells.[@cit0035],[@cit0036] In gastric cancer, expression of HOXA10 is up-regulated and it exerts oncogenic functions by activating the JAK1/STAT3 signaling pathway.[@cit0037] Moreover, the defect in HOXA10 impedes the proliferation of testicular cancer cells by blocking cell cycle process.[@cit0038] However, in breast cancer, HOXA10 is reported to be tumor-suppressive, and it reduces the invasiveness of breast cancer cells by up-regulating p53.[@cit0039] In CRC, HOXA10 inhibits cancer progression, and it has been reported to be negatively regulated by oncomiRs including miR-27b-3p and miR-544a.[@cit0020],[@cit0040] This present research verified that HOXA10 was a downstream target of miR-27b-3p, and this conclusion is consistent with previous report.[@cit0020] Further experiments verified that LINC01089 had a positive regulatory effect on the expression of HOXA10 by targeting miR-27b-3p. These data indicated that HOXA10 participated in blocking CRC progression mediated by LINC01089.

In summary, this study demonstrates that LINC01089 is down-regulated in CRC, working as a molecular sponge for miR-27b-3p to modulate the expression of HOXA10, and has an inhibitory effect on the proliferation and invasion of CRC cells. Therefore, LINC01089 can be a promising target for the diagnosis and treatment of CRC.
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